Background. Inflammation might play a crucial role in the pathogenesis of osteoarthritis (OA). Interleukin-34 (IL-34) is a well-known proinflammatory cytokine. Objective. The objective of this study was to detect IL-34 levels in serum and synovial fluid (SF) of patients with OA and to investigate their correlation with radiographic and symptomatic severity. Methods. One hundred and eighty-two OA patients and 69 controls were recruited. IL-34 levels were measured by enzyme-linked immunosorbent assay (ELISA). Radiographic and symptomatic severity of OA was reflected by Kellgren-Lawrence (KL) grades and Western Ontario McMaster University Osteoarthritis Index (WOMAC) scores, respectively. Results. SF IL-34 levels were independently associated with the KL grade (B = 0 273, 95% CI: 0.150-0.395; P < 0 001). SF IL-34 levels were significantly correlated with WOMAC scores (r = 0 265, 95% CI: 0.123-0.399; P < 0 001). The correlation between SF IL-34 levels and WOMAC scores was still significant after adjusting for confounding factors (B = 0 020, 95% CI: 0.001-0.038; P = 0 035) in OA patients. Conclusions. We found that IL-34 levels in SF were significantly associated with the radiographic and symptomatic severity of knee OA.
Introduction
Osteoarthritis (OA) is the most common degenerative disorder of the joint, which is characterized by articular cartilage destruction, subchondral sclerosis, and synovitis [1] . Knee OA is the most prevalent joint disease causing limited mobility and diminished quality of life in the elderly [2] .
Biochemical markers show promise in the evaluation of the severity of the disease in addition to monitoring the efficacy and safety of disease-modifying OA drugs [3] . The identification of reliable biochemical markers largely depends on understanding the biological or pathological mechanisms of OA. Although the etiology of OA is unclear, accumulating evidence has underlined that inflammation plays a key role in OA pathogenesis. Therefore, proinflammatory cytokines secreted from infiltrating inflammatory cells could be used as biochemical markers of OA.
Interleukin-34 (IL-34) is a novel cytokine identified by Lin et al. in 2008 [4] . The human IL-34 protein is composed of 222 amino acids and has a molecular mass of 39 kDa. IL-34 binds to a macrophage colony-stimulating factor (M-CSF) receptor and acts as a key regulator of the differentiation, proliferation, and survival of cells from the mononuclear phagocyte lineage [5, 6] . Previous studies have revealed that IL-34 is expressed in synovium, and the increased IL-34 levels in serum and synovial fluid (SF) are associated with synovitis severity and disease progression in rheumatoid arthritis (RA) patients [7] [8] [9] . However, the relationship between serum and SF levels of IL-34 and OA has never been fully illustrated. Therefore, we aimed to detect IL-34 levels in the serum and SF of OA patients and to investigate their potential correlation with the severity and functional status of knee OA.
Materials and Methods

Study Population.
From August 2015 to May 2017, a total of 182 knee OA patients from Renji Hospital were invited to enroll in our study. The diagnosis of knee OA was determined according to the clinical and radiological criteria of the American College of Rheumatology [10] . Sixty-nine age-and sex-matched volunteers undergoing routine physical examination in Renji Hospital were recruited as healthy controls during the same period. The exclusion criteria were as follows: previous knee injury or joint infection, secondary posttraumatic OA, systemic inflammatory or autoimmune disorders, known malignant tumor, end-stage renal or hepatic disease, diabetes, and histories of corticosteroid medication. The research protocol was approved by the ethics committee of Renji Hospital. Written informed consent was obtained from all participants before initiating the study.
Sample Collection and Laboratory
Tests. Blood samples from all patients and controls were collected after overnight fast in plain tubes containing a separation gel. SF samples were obtained from the affected knee of OA patients before the treatment of hyaluronic acid injection or during the arthroscopy or surgery. No SF samples were collected from the controls for ethical concerns. Samples were collected into sodium heparin Vacutainer tubes (Becton Dickinson). Blood and SF samples were centrifuged and stored at −80°C until investigation. High-sensitivity CRP (hs-CRP) levels were measured in a Tecan Freedom EVOlyzer Automatic Biochemical Analyzer System (Tecan, Switzerland). IL-34 levels in serum and SF were determined using the commercial enzyme-linked immunosorbent assay (ELISA) kit (R&D Systems, Minneapolis, MN, USA) according to the manufacturer's instructions. All the samples were synchronously and randomly detected by different ELISA kits. All the results of different kits were distributed similarly. According to the manufacturer, the intra-assay CV was 1.8% to 7.3% and the interassay CV was 4.1% to 6.0%. All measurements were taken in duplicate for each sample, and the results were averaged.
2.3. Radiographic Definitions. All patients underwent weightbearing anteroposterior radiographs of the affected knee. The Kellgren-Lawrence (KL) grading system was used for classifying radiographic signs: grade 1, questionable narrowing of joint space and possible osteophytic lipping; grade 2, definite osteophytes and possible narrowing of joint space; grade3, moderate multiple osteophytes, definite narrowing of joint space, some sclerosis, and possible deformity of bone contour; and grade 4, large osteophytes, marked narrowing of joint space, severe sclerosis, and definite deformity of bone contour [11] . Two specialist surgeons analyzed the radiographic parameters.
Symptomatic Definitions.
The symptomatic disease severity was evaluated according to Western Ontario McMaster University Osteoarthritis Index (WOMAC) [12] . WOMAC is a questionnaire containing 24 items in three domains: 5 items for pain, 2 for stiffness, and 17 for functional limitation. Scores are on a scale of 0 to 4, with four being the highest score. Higher WOMAC scores indicate greater symptom severity.
Statistical Analysis.
Continuous data were presented as mean and standard deviation. Categorical variables were summarized as percentages. Normality assessment was performed with the Shapiro-Wilk test. A comparison of two independent groups was performed with the unpaired t-test, Mann-Whitney U (exact) test, or chi-squared test when appropriate. Differences among groups were analyzed by one-way analysis of variance (ANOVA) followed by Tukey post hoc analysis. As the KL grade is an ordinal result, linear regression in univariant and multivariant ways (after adjusting for age, sex, BMI, and WOMAC scores) was performed to evaluate the association between IL-34 levels and KL grades. Coefficient correlation between IL-34 levels and WOMAC scores was assessed by Spearman rank correlation. Possible independent relationship between variables (e.g., age, sex, BMI, IL-34 levels, and KL grade) and WOMAC scores was determined by multivariate linear regression. If the dependent variables in linear regression were not normally distributed, then logarithmic (log) transformed values were performed. Statistical analyses of the variables were conducted with SPSS 22.0 for Windows (SPSS Inc., Chicago, Illinois, USA). P value less than 0.05 (two-tailed) was accepted as statistically significant.
Results
Baseline Clinical Characteristics.
The baseline clinical characteristics of the subjects were shown in Table 1 . No significant differences were observed in age, gender, and body mass index (BMI) between OA patients and controls (P > 0 05). In the OA group, there were also no significant differences in baseline clinical characteristics among patients with different KL grades (P > 0 05).
3.2. Serum and SF IL-34 Levels. As shown in Table 1 , there was no significant difference in serum IL-34 levels between OA patients and controls. In OA patients, there was also no significant difference in serum IL-34 levels among patients with different KL grades (P > 0 05). In OA patients, IL-34 levels in SF were significantly higher than those in paired serum samples (P < 0 01). And SF IL-34 levels significantly increased with the increment of the KL grade (P < 0 01). Table 2 , the KL grade was not associated with serum IL-34 levels in univariant (B = 0 034, 95% CI: −0.072-0.140; P = 0 528) and multivariant ways (B = 0 019, 95% CI: −0.106-0.144; P = 0 306) in OA patients. However, as shown in Table 3 , multivariate linear regression showed that the KL grade was independently associated with SF IL-34 levels (B = 0 273, 95% CI 0.150-0.395; P < 0 001).
Correlation of IL-34 Levels with KL Grades. As shown in
Correlation of IL-34
Levels with WOMAC Scores. In OA patients, SF IL-34 levels were significantly associated with WOMAC scores (r = 0 265, 95% CI: 0.123-0.399; P < 0 001; Figure 1 ). As shown in Table 4 , the KL grade was not associated with serum IL-34 levels in univariant (B = 0 034, 95% CI: −0.072-0.140; P = 0 528) and multivariant ways (B = 0 019, 95% CI: −0.106-0.144; P = 0 306). Univariate linear regression showed that the SF IL-34 level was associated with WOMAC scores (B = 0 038, 95% CI: 0.020-0.056; P < 0 001). Multivariate linear regression analysis also showed that this correlation was still significant after adjusting for All abbreviations are as in Tables 1 and 2 . confounding factors (B = 0 020, 95% CI: 0.001-0.038; P = 0 035). Besides, the KL grade was also independently associated with WOMAC scores (B = 0 212, 95% CI: 0.130-0.293; P < 0 001).
Discussion
Considerable attention has been paid recently to the identification of biomarkers for OA. In the present study, we found that IL-34 levels in SF were significantly higher than those in paired serum samples in OA patients. Moreover, SF IL-34 levels were independently associated with the symptomatic and radiographic severity of the disease. These results indicated that IL-34 might play a significant role in the synovial inflammation of OA.
Biochemical biomarkers with sensitivity and reliability can facilitate early diagnosis of joint destruction, disease prognosis, and progression monitoring. Although historically OA was considered a degenerative disorder, recent studies have found that inflammation might be the primary trigger of the OA process, which results in cartilage damage [13] . Monocytes and macrophages are the major cells involved in the pathogenesis of inflammatory arthritis [14] . As one of the key regulators of monocyte/macrophage survival, IL-34 can be produced by fibroblast-like synoviocytes and released into circulation and SF [8] . Previous studies have revealed that IL-34 levels were elevated in the serum and SF of RA patients. We found in the present study that no significant differences were found in serum IL-34 levels between OA patients and healthy controls. These results are consistent with the theory that OA is a low-grade local inflammation and thus inherently lacks the large-scale systemic response of RA [15] . We also revealed that IL-34 levels in SF were significantly higher than those in paired serum samples in OA patients. These results indicated that IL-34 had a limited function to transfer across the synovial membrane due to its molecular weight or complex structure, and IL-34 levels in SF might reflect the intra-articular expression of this proinflammatory mediator.
Close monitoring of radiographic progression may facilitate the design of proper therapies. We found that the KL grade was associated with SF levels but not with serum SF levels. After adjusting for confounding factors, the KL grade was still independently associated with SF IL-34 levels. These results revealed the association between SF IL-34 levels and the radiographic severity of OA. As a macrophage colonystimulating factor, IL-34 can stimulate the viability of monocytes and colony formation of macrophages [4] . The inflammatory monocytes can infiltrate the joints into osteoclasts that cause osteoporosis [16] . Moreover, IL-34 can also induce both growth and proliferation in osteoclast progenitors and play a key role in the receptor activator of nuclear factor kappa-B ligand-induced osteoclastogenesis [17, 18] . These mechanisms may partly explain the results we observed in the present study.
We also found that SF IL-34 levels were significantly associated with self-reported knee pain after adjustment for confounding factors. Inflammatory cytokines can activate innervating nociceptors and increase excitability of sensory neurons [19] . Therefore, intra-articular inflammation may lead to the generation and maintenance of pain, which is a major cause of disability and functional decline. Several inflammatory cytokines, including IL-6, IL-8, and tumor necrosis factor-α have been reported to correlate with OA-related pain [20, 21] . Furthermore, pain can be related to the progression of structural changes and cartilage degradation of OA [21] , as we have showed in this study that the KL grade was also independently associated with WOMAC scores.
Our study has several limitations. First, we were limited by the trial design. This cross-sectional study showed association but not causation. In addition, our sample size remains small. These findings will require further replication, validation, and qualification in large, longitudinal population cohorts. Second, although SF biomarkers provide a more proximal indicator of the disease state than serum biomarkers, they do not provide definitive indications of their tissue of origin. Third, as patients with synovial effusion can be a different pattern of knee OA, analyzing these patients would be interesting. However, we did not have data concerning these patients. Fourth, the control enrolled in this study underwent a clinical examination but no X-ray explanation was performed. Therefore, we cannot evaluate if control patients had radiographic knee OA, which might induce some bias.
In conclusion, we showed for the first time that IL-34 levels in SF were significantly associated with the radiographic and symptomatic severity of knee OA.
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